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(sj) An improved, more convenient, more sensitive test for 
detection of certain malignancies in human and animal 
subjects Is disclosed. Sera from test subjects Is mixed with 
labeted DNA In the presence of an enzyme-conjugated 
matrix. Sera from normal and cancerous subjects react 
differently with the matrix, permitting a diagnosis of the 
subject 
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SENSITIVE TESTS FOR MALIGNANCIES 
BASED ON DNA DETECTION 

BACKGROUND OP THE INVENTION 

1. Field of the Invention 

The present invention relates to improved means 
of testing human and animal subjects for the presence 
of certain malignancies. More specifically, an em- 
bodiment is disclosed that permits the diagnosis of 
several types of lymphoid malignancies (leukemias). 

2. Detailed Discussion of Background and Prior Art 
The inventor has discovered that blood sera and 

other body fluids collected from mice or human sub- 
jects with certain malignancies contain certain 
unique double-stranded DNA molecules, which have the 
ability to selectively inhibit certain members of the 
group of enzymes known as DNA polymerases. These DNA 
molecules are absent from sera obtained from mice or 
human subjects who do not have these malignancies. 
The inventor has, with others, described this dis- 
covery and these DNAs, with related information, in a 
series of papers. See: Perisco and Gottlieb, DNA 
Polymerases of Myeloma , Nature New Biology 239:173-76 
(1972); Gottlieb, Smith, Plescia, Perisco, and 
Nicholson, Inhibitor of DNA Polymerase, Nature 
246:480-82 (1973); Gottlieb, Smith, Plescia, 
Nicholson, Bowers, Pankuch, and Berkoben, An 
Inhibitor of DNA Polymerase, in Fundamental Aspects 
of Neoplasia, ch. 20, pp. 269-77 (1975); Gottlieb, 
Gottlieb, and Nicholson, Inhibition of DNA Polymerase 
by Sera, in Bibliotheca Haeraatologica, No. 43 (Basel 
1976); Brennessel, Buhrer, and Gottlieb, Use of 
Insoluble Heparin for Isolation of DNA Polymerase. 
Analytical Biochemistry 87: 411-17 (1978); Gottlieb, 
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Chang, Buhrer, and Brennessel, Isolation from Murine 
Myeloma and Leukemia Cells of a Selective Inhibitor 
of DNA Polymerase , Cancer R search kO: 758-70 (1980). 
These DNAs are referred to herein collectively as 
"DNA-L." 

DNA-L is a mixture of DNA molecules in the 150 
to. 300 base pair range. Any of these DNA molecules 
can selectively inhibit R-l DNA polymerase. Th 
inventor has separated these DNA molecules into tw 
groups, DNA-1 and DNA-2, which can be separated by 
chromatography. Similar DNA molecules can be ex- 
tracted from normal liver, but not from normal blood 
sera. Normal blood sera lack these DNAs, and sera of 
patients with leukemia have the DNAs. All of the 
foregoing DNA-L molecules can be cloned and used in 
the test procedures described herein. 

There are two groups of DNA-L molecules of prin- 
cipal interest herein, each of which contains a lim- 
ited but undetermined number of different molecules. 
The DNAs of principal interest herein may be termed 
"DNA-1" and "DNA- 2." It is believed that these DNAs 
may play an important role in the replication of leu- 
kemic cells. DNA-1 and DNA-2 have important common 
properties. 

Both DNA-1 and DNA-2 have been demonstrated to 
exert selective inhibition for R-l DNA polymerase en- 
zyme, which is found in murine myeloma and may exist 
in other tumors and normal tissues. (The inhibition 
is "selective, 11 in that other DNAs may well exist 
that will indiscriminately inhibit this and other po- 
lymerase enzymes. The DNAs of interest inhibit the 
R-l DNA polymerase and do not inhibit other known po- 
lymerase enzymes.) The R-l DNA polymerase enzyme may 
be recovered from murine M0PC-21 myeloma tumor by 
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procedures described in Analytic Biochemistry 
87:111-17 (1978), supra . The fact that the enzyme is 
of murine origin is immaterial, because it reacts 
with DNAs of interest from both human and murine 
sources. 

Present tests for leukemia, such as bone marrow 
tests, may be inconvenient and traumatic for the pa- 
tient. Also, their sensitivity is limited to detect- 
ing the presence of substantial numbers of cancer 
cells, so that early cases of leukemia may escape de- 
tection. The procedures of this invention do not in- 
volve production of antibodies, as in the work of Bo- 
goch, Detection of Malignant Tumor Cells, U.S. Pat. 
No. 4,298,590 (Nov. 3, 1981). Such laborious and in- 
direct methods of measurement are not used herein. 
SUMMARY OF THE PRESENT INVENTION 

The test procedure of this invention determines 
the presence of DNAs (hereafter "cancer DNAs") whose 
presence in body fluids in appreciable quantities is 
associated with the growth of malignant cells and 
whose presence thus indicates the presence in the 
body of malignant cells. The test procedure does so 
by subjecting a medium that possibly contains cancer 
DNAs to potential "competitive binding," the 
competitor (sometimes termed the "DNA probe") being a 
known quantity of such a cancer DNA. The medium 
described below is blood serum, which the inventor 
prefers to use because of its convenience and 
accessibility, but other media, such as ascites fluid 
and lymph, also contain the cancer DNAs discussed 
herein and may contain other cancer DNAs of similar 
interest. Cerebrospinal fluid, duodenal fluid, 
gastric fluid, pleural fluid, urine, saliva, other 



0097341 



- 4 - 

mucous secretions, and other b dy fluids may also 
contain similar DNAs. 

In the test described herein, the serum to be 
tested for a cancer DNA is mixed with a known 
quantity of "labeled" cancer DNA (DNA probe). The 
mixture is "introduced" to what is described below as 
an "Enzyme-Conjugated Matrix," which will bind with 
the cancer DNA but not with other kinds of DNA that 
may be present, or with other substances present. 
Then a test procedure is used to determine how much 
labeled DNA (DNA probe) was taken up and bound to the 
Enzyme-Conjugated Matrix or left behind in the 
residue of the test mixture. 

When relatively less labeled DNA is taken up by 
the Enzyme-Conjugated Matrix, the reason is that 
unlabeled similar DNA from the test Berum competed 
for j and excluded the labeled DNA from, the enzym 
sites on the Enzyme-Conjugated Matrix. When 
relatively more labeled DNA is taken up by the En- 
zyme-Conjugated Matrix, the reason is that unlabeled 
DNA similar to the labeled DNA was not present in the 
test serum to compete for, and thus exclude th 
labeled DNA from, the sites on the Enzyme-Conjugated 
Matrix. 

A principal contribution of the present inven- 
tion lies in the discovery of sensitive test proce- 
dures that permit early detection of leukemia or re- 
lapses, and that permit determination of whether a 
remission is in effect. These techniques, it is be- 
lieved, are so sensitive as to detect the presence of 
as few as 250 malignant cells in a mouse or, by 
extrapolation on a blood and body weight basis, 
approximately 750,000 malignant cells in a human 
being. The latter figure may be contrasted with the 
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approximately 4.5 x 10 10 cells present in the typical 
human blood stream, so that the test detects approxi- 
mately 15 parts per million. Present 1 ukemia tests, 
in contrast, are believed capable of detecting leuke- 
mia only when as many as approximately 10,000,000 
malignant cells, or approximately 220 parts per 
million, are already established in the body. 

There are several reasons why a more sensitive 
test is desired, that will permit earlier detection 
of malignancies such as leukemia. First, it is 
believed that earlier use of treatment will cause 
less harm to be done to the patient's body and 
possibly increase patient survival rates. But an 
early diagnosis is necessary before such therapy, 
which may be debilitating, is indicated. Second, 
leukemias are very alarming diseases. Mononucleosis 
is often confused with leukemia, because of similar- 
ity in symptoms. It is important to obtain a 
negative diagnosis of leukemia promptly in cases of 
mononucleosis, because of the severe adverse 
psychological effects on young patients and their 
parents of a diagnosis of possible leukemia. 

The method of the invention is also cheaper, 
more convenient, less traumatic to the patient, more 
readily adaptable to large-scale screening, and more 
practical to use in frequent testing of the same pa- 
tient — relative to existing procedures. 

In the inventor's preferred usage, in this con- 
text, the term "leukemia" includes not only such mu- 
rine leukemias as MCDV 12 and L 1211, but also mul- 
tiple myeloma and other malignancies of the human or 
animal lymphoid system. Accordingly, the following 
discussion and claims should be read in the light of 
such usage of the term "leukemia." 
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DETAILED DESCRIPTION OP PREFERRED EMBODIMENT 
The test procedure of this inv ntion is a new 
and improved means of testing for the presence of ma- 
lignancies, such as leukemia, associated with partic- 
ular DNAs. In the case of leukemia, the DNA is 
DNA-L. The inventor believes that other DNAs may 
exist, similarly related to other malignancies, and 
lending themselves to similar test procedures. 

I. Preparation of Test Sample 
The initial step in the inventor's leukemia test 
is to extract a quantity of blood (or other body flu- 
id) from the test subject, remove cells by centrifu- 
gation to prepare serum (in the case of blood), and 
prepare a test sample from it. To do so, the body 
fluid sample is treated with 70* ammonium sulfate to 
precipitate all protein in the sample. The precipi- 
tate is discarded and the supernatant fluid is re- 
tained. The latter is substantially purified by cen- 
trifugation and dialysis. The resulting clear liquid 
ia the "test sample." 

EXAMPLE 1 - Test Sample 
0.5 ml blood serum is obtained from a lab- 
oratory mouse. A saturated aqueous solution of 
ACS Reagent Grade (NH I| ) 2 S0 Jj is added dropwise to 
the sample until a final concentration of 70% 
(NH^SO^ is achieved. The resultant protein 
precipitate is removed by centrif ugation at 
1,700 g for 10 minutes, and is discarded. 
Approximately 1 ml of clear supernatant fluid is 
thus produced. It is dialyzed in a 12,000 M.W. 
dialysis sac against 0.01 M Tris.HCl buffer (pH 
7.8) overnight at i|°C*. The material remaining 
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In the dialysis sac (approximately 1 ml) is the 
test sample. 

Tests may be performed directly on the test 
sample of Example 1, but the inventor considers it 
preferable first to purify it further with a "purifi- 
cation matrix," as described below in Example 8B. 
II • Preparation of DNA-L 

The inventor has described generally the extrac- 
tion of DNA-L in Cancer Research 40:758 (1980), su- 
_ora. DNA-L is a mixture of DNAs. it is possible~to~ 
use a DNA-L mixture of DNA-1 and DNA-2 to perform the 
tests described here. That procedure requires use of 
a product made up of DNA-1 and DNA-2 in unknown and 
variable proportions. The inventor has therefore 
developed an optional procedure for separating DNA-1 
and DNA-2 from one another. The inventor has also 
developed a procedure for obtaining clones of 
individual DNAs within the DNA-L group. 

The procedure for separation of DNA-1 and DNA-2 
involves subjecting a human or murine test sample, 
prepared as previously described in Example 1 and 
taken from a subject known to have leukemia or myelo- 
ma, to sequential chromatography. The chromatography 
is performed on an Enzyme-Conjugated Matrix. This is 
a matrix to which an enzyme can be bound. One ex- 
ample is an agarose-based, gel-like substance to 
which an enzyme can be covalently bound in a stable 
fashion, so that it is available for further use. 
Another example is microspheres. Both examples are 
described below. 

A general procedure is suggested for preparation 
of Enzyme-Conjugated Matrices in Affinity Chromato- 
graphy. Principles and Methods (PWm n n^ The 
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resin selected must be one to which the enzyme of 
interest will bind. The Pharmacia product, CNBr- 
Sepharos , has been found suitable for R-l DNA polym- 
erase, and the inventor has dev loped a procedure f r 
preparing such a matrix. The inventor is aware of no 
published or otherwise previously known procedure for 
preparing an Enzyme-Conjugated Matrix in which R-l 
DNA polymerase is bound to the matrix. 

The following procedure differs from the general 
procedure cited above, in several important respects. 
The inventor has discovered that, to prepare a Sepha- 
rose gel Enzyme-Conjugated Matrix effective for use 
in the procedures and tests described below, i.e., to 
get repeatable and consistent results, it is import- 
ant or perhaps even necessary to pretreat the En- 
zyme-Conjugated Matrix with buffer solution contain- 
ing DNA, 'such as alkali-denatured salmon sperm DNA 
(Millipore Corp.). The matrix treated in this way is 
washed with buffer solution. If this pretreatment 
process with DNA is not carried out, the Sepharose 
gel Enzyme-Conjugated Matrix apparently will not 
react specifically with DNA-L, so that inconsistent 
test results are obtained. It is believed that the 
DNA pretreatment ties up and thus eliminates from the 
procedure that follows those binding sites on the En- 
zyme-Conjugated Matrix that have a general or non- 
selective affinity for DNA, as contrasted with the 
sites that have a selective affinity for DNA-L. It 
is believed that use of such pretreatment procedure 
in connection with such matrices is unknown in the 
prior art. Although the necessity of this step has 
been shown only for the enzyme conjugated to Sepha- 
rose, it is presumed that such a step will be re- 
quired, or prove to be desirable, for the enzyme- 
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conjugated beads described in Example 3A, as well, 
and for other Enzyme-Conjugated Matric s. 

EXAMPLE 2 - Preparation of Purified 
Mixture of DNA-1 and DNA-2 

A convenient volume (2 ml) of the test 
sample of Example 1 is prepared from pooled se- 
rum taken from inbred mice bearing myeloma 
MOPC-21. The dialysis step at the end of Ex- 
ample 1 is followed by concentration against 30% 
polyethylene glycol in 0.01 M Tris.HCl buffer 
(pH 7.8). The resultant solution is further pu- 
rified by chromatography on DEAE- cellulose 
(Whatman) using a linear KC1 gradient of 0 to 
1.0 M in 0.01 M Tris.HCl Buffer (pH 7.8). The 
DNA elutes at 0.45 M KCL, and the eluted frac- 
tions are concentrated by dialysis against poly- 
ethylene glycol. 

The resultant DNA preparation is adjusted 
to 0.4 M in Sodium PO^ buffer (pH 7.0), and 
heat-denatured by incubating for 16 minutes at 
68 °C. Distilled water is added to bring the 
phosphate concentration to 0.14 M, and the mix- 
ture is placed on a 1 ml column of Hydroxylapa- 
tite (DNA grade, Bio-Rad Labs), which has been 
equilibrated in 0.01 M Sodium PO^ buffer (pH 
7.0), boiled for 5 minutes, and maintained at 
68 °C. After placement of the DNA mixture on the 
column, the column is permitted to drain by 
gravity, and excess fluid is discarded. Then, 
6.0 ml of 0.14 M Sodium PO^ buffer, (pH 7.0, 
68°C) is carefully layered on the column and 
drained. 
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The double-stranded DNA of Interest is then 
releas d from th column by careful application 
of 8.0 ml of 0.4 M S dium PO^ buff r (pH 7.0). 
The resultant preparation of a purified mixture 
of double-stranded DNA is referred to as "mixed 
DNA-L" or "DNA-L mixture." 

EXAMPLE 2A - Similar Preparation (MCDV-12) 
The procedure of Example 2 is repeated with 
mice bearing leukemia MCDV-12. 

EXAMPLE 2B - Similar Preparation (L-1211) 
The procedure of Example 2 is repeated with 
mice bearing leukemia L-1211. 

EXAMPLE 2C - Similar Preparation 
(Pooled MOPC 21, MCDV-12, L-1211) 
The procedure of Example 2 is repeated with 
pooled serum taken from mice bearing myeloma 
M0PC-21, leukemia MCDV-12, and leukemia L-1211, 
respectively, so that each leukemia is 
represented in the DNA-L mixture. 

The separation and further purification of DNA-1 
and DNA- 2 is achieved by fractionation of mixed DNA-L 
on an Enzyme-Conjugated Matrix. This is an insoluble 
Sepharose (Pharmacia) .matrix to which R-l DNA polym- 
erase is covalently attached. It is prepared on the 
general basis, somewhat varied to meet the particular 
needs of this situation, of the method described in 
Affinity Chromatography — Principles and Methods 
(Pharmacia), which is based on the original method of 
Axen, Porath, and Ernback, Chemical Coupling of Pep- 
tides and Proteins to Polysaccharides by Means of 
Cyanogen Halides, Nature 214:1302-04 (1967). Other 
insoluble matrices may be used instead of affinity 
matrices such as Sepharose, described below. For ex- 
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ample, it is known to use glass beads, c ramies, and 
silica to provid a support for nzym a in enzymatic 
processes. The Enzym -Conjugated Matrix must also be 
pretreated to bind specifically with DNA-L, as de- 
scribed below. 



EXAMPLE 3 - Preparation of 
Enzyme-Con T 1up;ated Matrix 

1 gram of CNBr-activated Sepharose l|B 
(Pharmacia) is swollen in 0.001 M HC1 on a glass 
filter and washed for 15 minutes with 200 ml of 
0.001 M HCL. The resulting gel is washed with 
0.1 M NaHC0 3 (pH 8.3) and then with 0.1 M NaHC0 3 
(pH 8.3) containing 0,5 M NaCl. The gel is then 
suspended in 3.5 ml of the latter buffer. Then, 
purified R-l DNA polymerase (containing approxi- 
mately .040 mg of protein in 1.0 ml of 0.28 M 
Potassium PO^ buffer (pH 6.3) with 0.001 M DTT 
(dithiothreitol) and 20% glycerol) is added to 
the gel slurry, and the mixture is shaken on a 
wrist action shaker overnight at 4°C. 

The gel is then washed twice with 0.1 M 
NaHC0 3 containing 0.5 M NaCl (pH 8.3), prior to 
blocking the remaining active groups with 1 M 
Tris.HCl buffer (pH 8.0) for 2 hours at room 
temperature. Three cycles of washing the gel 
follow: each cycle consists of a wash with 0.1 
M acetate buffer containing 1 M NaCl (pH 4.0) 
and is followed by a wash with 0.1 M borate buf- 
fer containing 1 M NaCl (pH 8.0). 

The Sepharose gel containing the R-l DNA 
polymerase, prepared in this manner, is then 
suspended in 5 ml of "Buffer-A" (0.054 M 
Tris.HCl (pH 7.8), containing 0.005 M 2-mercap- 
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toethanol, 0.0001 M MnClg, 0.04 M KCL) . A 1 ml 
mlnicolumn is then poured. The Enzyme-Conjugat- 
ed Matrix is n w ready for use. It may also be 
stored, and remains in good condition when 
stored at H°C for up to at least 3 months. This 
product contains approximately 10 micrograms of 
enzyme per ml. But results vary with each batch 
and an assay is required to axcertain precise 
enzyme content. 

EXAMPLE 4 - Preparation of 
Poly-Bead Enzyme-Conjugated Matrix 

An alternative Enzyme-Conjugated Matrix has 
been developed by the inventor which may be 
simpler to use and more reliable in results than 
the Sepharose gel. It is based on Polybead Mi- 
croparticles (Polysciences Inc., Warrington, 
Pa.), with carboxyl groups on their surfaces. 
These beads are also termed "carboxylated mono- 
disperse microspheres." 

Approximately 0.1 gram of Polybead Micro- 
particles ("beads") is thoroughly washed in Po- 
tassium PO^ buffer (pH 7.2-7.6). Approximately 
25 microliters of a concentrated suspension of 
beads is added to 75 microliters of the same Po- 
tassium PO^ buffer together with 10 microliters 
of a 50% solution (in water) of l-ethyl-3-3-di- 
methylaminopropylcarbodiimide (ECDI). The mix- 
ture is incubated at room temperature (24°C) for 
30 minutes. The beads are then washed twice 
with the same Potassium PO^ buffer and resus- 
pended in aliquots of 75 microliters of this 
buffer containing k% glycerol. The beads are 
set aside and stored in this state. 
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Approximately 75 microliters of the fore- 
going stored bead product is placed in a test 
tube. Then, 25 microliters of purified R-l DNA 
polymerase, 0.5 to 1.0 micrograms/microliter, in 
PO^/DTT/glycerol as described in Example 3, is 
added until the mixture reaches 100 microliters. 
The mixture is then incubated for 60 minutes at 
4°C. 

10 microliters of 0.2M glycine (pH 7.6-8.0) 
j>r_ 10 microliters of a solution of bovine serum 
albumin (20 mg/ml) is then added slowly to the 
mixture and incubation is carried out for 30 
minutes at room temperature (24°C), with peri- 
odic vortexing. The beads are then washed twice 
with "storage buffer" (0.05 M Tris pH 7.8; 0.004 
M Beta-mercaptoethanol; 0.04 M KC1 0.2 mg/ml Bo- 
vine Serum Albumin; 0.0001 M MnClg 20* glycerol) 
and resuspended in 50 microliters of storage 
buffer. It is then set aside until used. Prior 
to use of the beads in the test procedure, the 
beads are washed in a 0.1% solution of denatured 
salmon sperm DNA in storage buffer, followed by 
a rinse in storage buffer. The product contains 
approximately 5 # 0 micrograms of enzyme per ml, 
but an assay is required to ascertain precise 
enzyme content. 

EXAMPLE 5 - Pretreatment of Column 
and Separation of DNA-1 and DNA-2 

The minicolumn of Example 3 is pretreated 
with 5 ml of a conveniently available nonhuman, 
nonmurine DNA, such as alkali- denatured salmon 
sperm DNA (50 micrograms/ml) which is passed 
through the column at 4°C. The column is then 
washed sequentially with 10 ml of Buffer-A, 10 
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ml of Buffer-A plus 0.5 M KC1, and 10 ml of Buf- 
fer-A again. The preparation f mixed DNA-L of 
Example 2 (a purified mixture of DNA-1 and 
DNA-2) is passed through the olumn and the elu- 
ate is recycled through the column over a 20- 
minute period. 

The column is then drained and washed again 
with 5 ml of Buffer-A (Example 3), which is 
followed by elution of the DNA-L mixture with 5 
ml of a linear gradient of KC1 (0-1 M in Buf- 
fer-A). DNA-1 elutes at 0.1 M KC1; DNA-2 elutes 
at 0.22 M KC1. Following completion of the gra- 
dient, the column is washed with 5 ml of Buf- 
fer-A containing 1 H KC1. (The column can be 
regenerated for further use by washing with 15 
ml of Buffer-A.) 

Of the original input DNA, approximately 
4.5% is recovered as DNA-1 and 4.6? as DNA-2. 

It is possible to use a purified mixture of nat- 
ural DNA-L extracted from a living source for these 
tests, but the inventor prefers to use a pure, cloned 
product. It is cheaper and more convenient, once the 
procedure is established. It is also believed to be 
scientifically more sound, since it eliminates a pos- 
sible variable factor, i.e. , the presence of 
contaminating DNAs in the DNA-L preparation, and the 
cloned DNA is precisely the same DNA in every test 
that is performed. 

The inventor has therefore used a cloning pro- 
cedure employing the pBR322 plasmid as cloning 
vector. The following example refers to DNA-1, but 
the procedure for cloning DNA-2 or a DNA-L mixture is 
substantially identical. The general approach used 
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here is based on the method describ d in Bahl, 
Marians, Wu, Stawinsky, and Narang, A General Method 
For Inserting Specific DNA Sequences Into Cloning 
Vehicles. Gene 1: 81-92 (1976), The method uses 
"linkers" sensitive to the restriction enzyme Bam I 
as described in Scheller, Dickerson, Boyer, Riggs, 
and Itakura, Chemical Synthesis of Restriction Enzyme 
Recognition Sites Useful for Cloning. Science 
196:177-80 (1977). Alternatively, the cloning method 
employing the single-stranded M13 phage, as described 
by Sanger, Coulson, Barrell, Smith and Roe, J. 
Molecular Biology (1980) 1^3:161-178, may be 
employed. 

EXAMPLE 6 - Cloning DNA-1 
Phosphorylation buffer (10X) is prepared, 
consisting of 0.7 M Tris.HCl (pH 7.6) and 0.1 M 
MgClg. 1 microliter of the buffer is mixed with 
0.5 microliter of 0.01 M ATP, 5 microliters of 
0.01 M DTT, 1 microliter of 4.5 mg/ml T4 Polynu- 
cleotide Kinase (New England Biolabs). Then, 
500 ng of Bam linker, dissolved in 1 microliter 
of water, is added. Further water is added to 
bring volume up to 10 microliters. The mixture 
is incubated for 1 hour at 37°C, and is then 
frozen at -20°C for storage. This mixture is 
referred to as "phosphorylated Bam linker" or 
"PBM" . 

A mixture is prepared containing 10 Units 
of T4 DNA Ligase (New England Biolabs) in 82 
microliters of 0.07 M Tris.HCl (pH 7-5), con- 
taining 0.007 M MgCl 2 and 70 micro M ATP. To 
this is added 10 micrograms of the labeled DNA-1 
of Example 6 and 1.8 micrograms of PBM in 18 mi- 
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crollters of water. The resulting 100 micro- 
liters of mixture is incubated at 15°C vernight 
and th reaction is stopped by bringing the 
temperature of the mixture to 65° for 10 min- 
utes. This produces a mixture containing DNA- 
1 inker molecule. 

To the mixture is then added 100 Units of 
Bam HI in 10 microliters of water and 12 micro- 
liters of Bam 10X buffer (0.2 M Tris.HCl (pH 
8.0), 0.07 M MgClg, 0.02 M BME, 1 M NaCl). The 
mixture is incubated at 37°C for 3 hours, and 
the reaction is stopped by adding 12 microliters 
of 0.2 M Na 2 EDTA. This trims the PBM from th 
DNA-linker molecule. 

The DNA-linker mixture is sequentially 
treated with phenol and ether to extract DNA- 
linker from it. The volume of the extract is 
reduced to 20 microliters by passing nitrogen 
gas over it. 

The concentrated extract is passed over a 1 
ml column of Sephadex G-50 (Pharmacia) equili- 
brated in 0.01 M Tris.HCl (pH 7.8) containing 
0.05 M NaCl. One drop fractions are collected 
in microfuge tubes. The location of the DNA- 
linker is determined by detection of the 32 p 

label, and the volume of the solution containing 
DNA-linker is measured (approximately 0.1 ml). 
The DNA-linker is recovered by addition of 10 
microliters of 3 M Na Acetate and 0.2 ml of eth- 
anol. The mixture is allowed to stand at -20 °C 
overnight. 

The precipitated DNA-linker is then pel- 
leted by centrifugation and dried in vacuum. 
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The pellets are dissolved in 30 microliters of 
water and stored at -20°C. 

1 microgram of pBR322 (BRL Laba) la treated 
with BAM I and bacterial alkaline phosphatase 
and placed In a volume of 5 microliters of 
water. To this is added 2 microliters of I0X 
Ligase buffer (20 Units T*l DNA Ligase in 2 mi- 
croliters) and 1 microgram of DNA-linker pellets 
in 2 microliters of water. Volume is adjusted 
to 20 microliters by addition of water. The 
mixture is incubated at I5°c overnight. As a 
result, the DNA-linker Is now ligated into the 
PBR322 plasmid vector, and the mixture contains 
DNA-linker-pBR322 vector. 

HB101 _E. coli is then infected with the 
DNA-linker-pBR322 vector. Host HB101 cells are 
pretreated with chilled 0.1 M CaClg and are in- 
cubated at 4°C for 15 minutes, and are recovered 
by centrifugation. To 0.3 ml of cell pellet are 
added 100 mg of the vector. The _E. coli/ vector 
mixture is then incubated on ice for 10 minutes 
and is then given a 30 second thermal shock at 
37°C The E. coli/ vector is then incubated on 
ice for 90 minutes. 

A "ML medium" mixture is prepared of 1% 
Bactopeptone, 0.5Z yeast extract, and 0.5Z NaCl. 
Then, 2 ml of ML medium is added to the E. 
coli/ vector mixture, and the mixture is incu- 
bated at 37° for 60 minutes. Arapicillin is 
added to the mixture to bring about a concentra- 
tion of 40 micrograms/ml and Incubation is con- 
tinued at 37 °C for 30 minutes. 

0.5 ml of the mixture is plated on ML me- 
dium containing 50 micrograms/ml of Ampicillin. 
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A separate plating is made using a 1:10 dilution 
f th mixture. The plat 8 are incubat d ver- 
night at 37 °C. The number of colonies is count- 
ed. 

Replica plates are then made on ampicillin 
and tetracycline. The J2. coli colonies of in- 
terest are those that have lost resistance t 
tetracycline and retained resistance to ampicil- 
lin. Approximately 5 to 10 colonies survive out 
of about 300 that are found on the original am- 
picillin-containing plates. 

Each JS. coli colony is grown separately in 
10 ml ML medium for 7 hours at 37 °C. Chloram- 
phenicol is then added to reach a concentration 
of 100 micrograms/ml and incubation is continued 
at 37 °C overnight. The solutions are pooled and 
centrifuged to recover cell pellet. The pellet 
is taken up in 0.7 ml of STET buffer (0.05 M 
Tris.HCl (pH 8.0), containing 8S sucrose, 5% 
Triton-X-100, 0.5 M EDTA) to which 50 microli- 
ters of lysozyme (10 mg/ml) is added. 

The mixture is centrifuged immediately at 
12,000 g for 10 minutes at room temperature. 
The resulting supernatant is placed in mlcrofuge 
tubes. An equal volume (approximately 0.4 ml) 
of isopropanol is added and the mixture is 
placed at -20° for 1 hour and then centrifuged. 

The resulting DNA pellet is washed with 
ethanol, resuspended in 0*5 ml buffer (0.02 M 
Tris.HCl (pH 8.1), containing 0.01 M EDTA, 0.1M 
NaCl) and treated with RNAse-A (Millipore), 
RNAse Tl (Sigma), and Proteinase K (EH Biochemi- 
cals, Darmstadt) to respective final concent r a- 
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tlons of 100 micrograms/ml, 25 U/ml, and 0.025 
mg/ml for 5 hours at 37°C. 

The mixtur Is then xtracted with 0.5 ml 
of buffer saturated phenol and shaken for 5 
minutes and extracted with chloroform (0.166 ml) 
for 5 minutes. The resultant aqueous phase is 
extracted with ether to remove phenol and chlo- 
roform. 0.05 ml of 3 M Na Acetate is added to 
the aqueous phase, and then 2 volumes of cold 
ethanol follow. The mixture is held overnight 
at -20°C. 

The precipitated DNA is washed with etha- 
nol, vacuum dried, and resuspended in a suitable 
volume (approximately 100 ml) of 0.005 M 
Tris.HCl (pH 7.*D containing 0.0001 M EDTA. 

A sample of the DNA must then be tested. 
Its ability to inhibit R-l DNA polymerase con- 
firms Its identity. The DNA is tested by ex- 
cising it from the pBR 322 vector. This Is per- 
formed by preparing and using a "Digestion Mix." 
The Digestion Mix is 100 mg/ml Bovine serum al- 
bumin; 0.02 M Tris.HCl (pH 7.0); 0.1 M NaCl; 
0.007 M MgCl 2 ; and 0.002 M 2-mercaptoethanol. 
To 0.1 ml of Digestion Mix is added 50 micro- 
grams pBR 322 DNA with insert and 50 units of 
BAM HI. The mixture is incubated for one hour 
at 37°C 

The insert form plasmid DNA is then sepa- 
rated by gel electrophoresis. A 2% agarose gel 
is used with a buffer of 0.08 M trizma base, 
0.033 M Na Acetate, 0.036 M NaCl, and 0.004 M 
EDTA. 
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An alternative loning m thod may be empl y d. 
A mixture of the double-stranded DNA or "DNA-L mix- 
ture" obtained in Example 2 is rechromatographed on 
DEAE-cellulose (Whatman) using a linear KC1 gradient 
of 0 to 1.0 M in 0.01 M Tris HC1 buffer (pH 7.8). 
The DNA elutes at 0.4M to 0.5 M and is hereafter 
referred to as DEAE-II DNA. The eluted fractions 
containing DEAE-II DNA are concentrated by dialysis 
against polyethylene glycol. This further purifi- 
cation removes degraded DNA and produces a more pure, 
double-stranded, heterogeneous mixture of DNAs. The 
mixture contains DNA-1 and DNA-2 . Alternatively, 
DNA-1 and DNA-2 may be prepared as described in 
Example 5. Cloning using the bacteriophage M13 mpB 
may be accomplished with any of the aforementioned 
DNA fractions by the following procedure: 

EXAMPLE 6A - Second Cloning Procedure 
DEAE.II DNA is suspended in 25 microliters 
of a solution containing 0.067 M Tris pH 8.0, 
0.0067 M MgCl 2 , 0.01 M 2-mercaptoethanol, and 25 
M dGTP, dCTP, dATP and, dTTP. Then, 0.01 4 
unit/mg DNA of T4 DNA polymerase (Bethesda 
Research Laboratories, Gaithersburg, Md.) is 
added and incubation is carried out at 15°C for 
2 hours. This is a modification of the methods 
of Challberg and Englund described in Enzymology 
65 : 39-H3 (1980). This procedure serves to 
create "blunt ends" on the DNA molecule. 

2 micrograms of the replicative form DNA of 
the phage M13 mp8 (New England Nuclear, Boston, 
Mass.) is cleaved with Smal restriction endonu- 
clease (New England Biolabs, Beverly, Mass.) and 
precipitated with ethanol. This converts the 
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circular r plicativ form t a linear DNA. The 
lin ar DNA bo treated is resuspended in 25 mi- 
croliters of 0.01 M Tris pH 7.8, and 280 units 
of bacterial alkaline phosphatase (Bethesda 
Research Laboratories) are added. The mixture 
is incubated at 65°C for one hour, after which 
the solution is sequentially extracted with 
phenol and ether. 

A ligation mix is prepared containing 0.3 
to 10 nanograms of blunt ended DNA, 10 nanograms 
of M13 phage DNA, and 80 units of T4 DNA ligase 
(New England Biolabs) in 0.05 M Tris, pH 7.8; 
0.01 M MgCl 2 ; 0.02 M dithiothreitol; 0.001 M 
ATP; and 50 micrograms/ml bovine serum albumin 
(nuclease free, Bethesda Research Laboratories) 
in a 20 microliter volume. The DNA is ligated 
into the M13 phage by incubating this mixture 
overnight at 15 °C, and the linear DNA is re- 
circularized. 

.It is then necessary to place the ^cir- 
cularized DNA now containing the DNA to be 
cloned into a suitable host in which the DNA can 
replicate. This is called transfection and is 
carried out by a modification of the technique 
of Mandel and Higa (J. Molecular Biology 53:154 
(1970). J3. coli strain JM103 is grown to log 
phase (A600, approximately 0.4) in 2x YT medium 
(16 mg/ml Bacto-Tryptone, 10 mg/ml Yeast Ex- 
tract, 10 mg/ml NaCl). 25 ml of culture is 
placed on ice for 15 minutes, and the cells are 
then pelleted by centrifugation and resuspended 
in 10 ml of ice cold 0.01 M NaCl. Following 
this, the cells are pelleted once again by 
centrifugation, resuspended in 10 ml of ice cold 
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0.1 M CaCl 2 , and left on ice for 20 minutes. 
Cells are then p lleted and resuspended in 2 ml 
of ice cold 0.1 M CaCl 2 and incubated on ice for 
another 15 minutes. 0.3 ml of cells are then 
added to aliquot s of the ligated DNA and placed 
in a 37° water bath for 30 seconds. The mix is 
then placed on ice for 90 minutes with occa- 
sional shaking, and the cells are then plated on 
medium containing lsopropylthiogalactoslde 
(IPTG) and dibromo-dichloro-indolygalactoside 
(xgal) by the method of Messing (Methods in 
Enzymology, 1983)* After incubating overnight 
at 37°C, clear plaques are selected for further 
screening. 

Single stranded phage DNA is then obtained 
using methods described by Sanger, Coulson, Bar- 
ren, Smith and Rose in J. Molecular Biology 
143:161 (1980) with some modifications. Phage 
plaques are recovered with a toothpick and 
placed into 1 ml cultures of log phase JM103 
cells (A650, approximately 0-3) in 2x YT medium 
in 17 x 100 mm culture tubes. Tubes are swirl d 
at 300 RPM for 4 to 8 hours at 37°, with caps 
vented to permit aeration. The contents of each 
tube are transferred to a 1.5 ml Eppendorf cen- 
trifuge tube and centrifuged 5 minutes in an Ep- 
pendorf centrifuge. The supernatant is poured 
into a second Eppendorf tube and 200 microliters 
of 20% polyethylene glycol 6000 in 2.5 M NaCl is 
added. The tubes are then vortexed and incu- 
bated at room temperature for at least 15 min- 
utes in an Eppendorf centrifuge. The superna- 
tants are removed as thoroughly as possible, 
using pasteur pipets with drawn out capillary 
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tips. The pellets are resuspended in 100 mi- 
croliters of 0.01 M tris. ( P H 7.8) containing 
0.0001 M EDTA and extracted with 50 microliters 
of neutralized phenol. DNA is ethanol precipi- 
tated and brought to a final volume of 25 mi- 
croliters. Approximately 5 micrograms of DNA is 
recovered by this procedure. 

Five microliters of DNA solution (contain- 
ing approximately 1 microgram of DNA) is com- 
bined with 1 microliter of a 15 base pair double 
stranded M13 primer (2.5 microg ram/ml, New Eng- 
land Biolabs, Beverly, Mass.), l microliter of 
buffer (0.07 N Tris HC1, pH 7.5; 0.07 N MgCl 2 ; 
0.5 M NaCl) and 3 microliters HgO. This mixture 
is drawn into a capillary tube both ends of 
which are flame sealed, and then placed in a 
tube of water (13 x 100 mm) at 100°C for five 
minutes. The mixture is allowed to remain in 
the tube of water for 30 minutes while cooling 
to room temperature, according to the method of 
Anderson, Gait, Mayol, and Young described in 
Nucleic Acids Research 8:1731 (1980). 

The contents of each of the foregoing 
capillary tubes is placed in an Eppendorf tube 
and combined with 1 microliter of 0.1 M dithi- 
othreltol, 2 microliters of a solution 0.0022 M 
for each of the dNTP's , and 1 unit of the 
Klenow fragment of DNA polymerase I (New England 
Biolabs). The DNA containing mixtures are incu- 
bated for 20 minutes at room temperature, at 
which time the following were added: 0.5 micro- 
liters 1 mg/ml nuclease-f ree bovine serum albu- 
min (Bethesda Research Laboratories, Gaithers- 
burg, Md.) and 5 units each of Eco RI (Miles 
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Laboratories, Elkhart, 111.) and Bam HI (New 
England Biolabs, Beverly, Mass.). Incubation is 
continued for 1 hour at 37°. 

Electrophoresis of the samples so obtained 
is performed in 2% agarose gels with a running 
buffer of 0.08 M Tris HC1 pH 7.8, 0.03 M sodium 
acetate, 0.036 M sodium chloride, 0.004 M EDTA, 
and 0-5 micrograms/ml ethidium bromide. Gels 
are run submerged in a minigel apparatus. 
(C.B.S. Scientific, Del Mar, Cal.) at 20 m.a. 
constant current. The migration of the re- 
spective DNAs can be measured by observing the 
gels under ultraviolet light at a time when the 
bromophenol blue tracking dye has migrated 3 or 
k cm from the origin. 

Phage from plaques found to have inserts 
are used to make one ml cultures as described 
above for screening 10 ml aliquots from 1 ml 
cultures frozen at -70° may be substituted f r 
phage toothpicked directly from plaques. The 
phage culture is added to 200-500 ml of a log 
phase culture of E. coll JM 101 (A600, approx- 
imately 0.3) in 2x YT medium. This culture is 
shaken at 37° for 4 hours, chloramphenicol is 
then added to 100 micrograms/ml and incubation 
is continued for 2-3 more hours. 

Purification of the replicative form was 
performed by the method of Holmes and Quiglye 
described in Analytical Biochemistry 114:193 
(1981). Cells are pelleted by centrifugation 
and washed with 0.01 M Tris, 0.002 M EDTA, then 
centrifuged and resuspended in 20-35 ml of 8% 
sucrose, 5% Triton x 100, 0.05 M EDTA, and 0.05 
M Tris, pH 8.0 (STET buffer). 20-50 microliters 
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of a 50 mg/ml stock solution of lysozyme (Worth- 
ington Biocheraicals, Freehold, N.J.) is add d. 
The cell suspension is brought to a -toil over a 
flame, placed in a boiling water bath for l\0 
seconds and immediately spun at 12,000 x G for 
10 min. The supernatant containing the replica- 
tive form DNA is decanted and the DNA precipi- 
tated with isopropanol. The replicative form is 
further purified by CsCl density gradient cen- 
trifugation using ethidium bromide. Ethidium 
bromide is removed from the DNA solution by two 
extractions with CsCl saturated isopropanol. 
The samples are then dialyzed against 0.01 M 
Tris, pH 7.8; 0.0001 M EDTA and concentrated 
against 30% polyethylene glycol in the same buf- 
fer. 

The restriction enzymes, Bam HI and Eco RI 
are used to excise inserts, which are separated 
from vector DNA on 2% agarose gels run as de- 
scribed for the screening procedure above. In- 
sert bands are electroeluted into troughs cut in 
the agarose, using the method of Yang, Lis and 
Wu, Methods in Enzymology 68:176 (1979), ethanol 
precipitated, and reconstituted with an appro- 
priate buffer. 

Analytic tests have been performed on cloned 
DNA-L in order to ascertain the Identity of the DNA 
with greater specificity. Partial sequences of three 
DEAE-II DNAs, cloned from MOPC-21 tumor tissue, are 
listed below: 
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Clone "A" S quence (210 bp long) 

1 11 21 31 

AACCACGCTT TTGCCAACCG AACACCATTG GGTGATGCCA 

41 51 61 71 

TCGATTCAAC ATATTTGCTG TCGGTGCAGA GCCGCATCTG 

81 91 101 111 

ACACGGTTGG TTCAACGCGC AGATCACGGC GGTCATTTCC 

121 131 1*1 151 

ATGCGGTTGT TGGTGGTCTG CGGCTCGGAG CCGACCAGTT 

161 

CCTTCTCCT • . . • 



Clone "B" Sequence 

1 11 21 31 

TTATCAGTGA TTACATATCA TTTGAGTTCT TTTGTGATTG 

41 51 61 

TGTTACTCAC TCAGGCTCAT TGTGTGA • . . . 

Clone "C" ^Sequence 

1 11 21 31 

TGATTTTCAG ATTTCTTGCC ATATTCCACG TCCTACAGTG 

41 

GCATTTCTA . • • . 
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III. Labeling f DNA 
After cloning the DNA-1, it may be desirable to 
"label" it to facilitate verificati n of parts of the 
cloning procedure. Moreover, the malignancy test 
procedures described below require use of "labeled" 
DNA, that is, DNA that is physically or chemically 
treated, so that it can be followed and measured 
through subsequent procedures. Typically, radioac- 
tive material is used to label molecules for such 
purposes. The inventor has found that phosphorous 32 
(3 2 p) and tritium (^H) are particularly useful and 
effective isotopes for labeling DNA-L. It also is 
knpwn in the art to use optically active labels such 
as dyes or fluorescent complexes and to use radio- 
opaque agents, to assist in visualizing the thus-la- 
beled substance. It is therefore intended to include 
within the concept of labeling (as subsequently 
claimed) all such equivalent means. 

Further, the labeled DNA used for competitive 
binding may be a modified cancer DNA selected for ita 
affinity with the enzyme to which the natural cancer 
DNA of the test binds; in such event, the modified 
DNA can be used in lieu of naturally-derived DNA for 
the DNA probe of the test. 

A radioactive label Is Inserted into the DNA 
molecule by an enzymatic process, as described below. 
The following example refers to DNA-1 but the proce- 
dure for DNA-2 or cloned DNA from DNA-1, DNA-2, or 
DNA-L is substantially identical. The terra "DNAse I" 
used below refers to a bacterial enzyme capable of 
introducing single strand breaks or gaps in double- 
stranded DNA molecules. The DNAse I enzyme used here 
is that obtained from Millipore Corp., but there are 
other suppliers. 
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EXAMPLE 7 - Labeling DNA-1 With 32 P 
A mixture containing 5000 microCuri s of a 
arri r-fr e radio-lab led (^P) deoxynucleoslde 
triphosphate (dCTP) labeled in the alpha posi- 
tion is prepared in 1.0 ml of 0.01 M M Tris.HCl 
buffer (pH 7-4). Separate solutions of each of 
four unlabeled deoxynucleoslde triphosphates 
(known in the art as dCTP, dATP, dGTP and TTP) 
are prepared, containing 0.2 nanorooles/micro- 
liter and using the same buffer. A mixture is 
then prepared containing 20 microliters of the 
radio-labeled Jfc P deoxynucleoslde triphosphate, 
10 microliters of each of the unlabeled deoxynu- 
cleoslde triphosphates dGTP, dATP, and TTP, and 
2 microliters of unlabelled dCTP. This is fol- 
lowed by 10 microliters of lOx reaction buffer 
and 2 micrograms of the DNA of Example 6 in 2 
microliters. After mixing, distilled water is 
added to bring the total volume to 97 micro- 
liters. This is referred to as "Labeling Mix- 
ture . " 

"Activation buffer" is prepared by mixing 
10 ml Tris.HCl (pH 7-6); 0.005 M MgCl 2 ; and 1 
rag/ml nuclease-f ree BSA. 9 microliters of Ac- 
tivation Buffer is mixed with 1 microliter of a 
solution containing 100 micrograms/ml of DNAse I 
(equivalent to 0.1 microgram DNAse I), and the 
mixture is left at 4°C for 2 hours. This mix- 
ture is referred to as "Activated DNAse I." 

One microliter of Activated DNAse I is 
added to 97 microliters of Labeling Mixture, and 
the resulting mixture is incubated for 10 
minutes at 15 °C. To that mixture is then added 
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two units of js. Coli DNA polymerase I (l 
Unit/mi roliter) In 2 microliters of Potassium 
PO^ (pH 7.0.) buff r. The buffer is 0.001 M in 
2-mercapthoethanol and contains 50 percent 
glycerol. The reaction is continued for one 
hour, and is stopped by addition of 0,2 ml of 
0.3 M Na 2 EDTA (pH 8.0). The DNA is then sepa- 
rated from residual nucleotides by chromatogra- 
phy on a column of Sephadex G-50 (fine grade) 
(Pharmacia) previously equilibrated in a suita- 
ble volume of 0.01 M Tris.HCl containing 0.0001 
M Na 2 EDTA (pH 8.0). 

EXAMPLE 7A - Labeling DNA With 
Fluorescent Dye (Ethidium Bromide) 

To 1.0 ml of 0.1? solution of Ethidium 
Bromide is added 1.0 ml of solution containing 
10 micrograms DNA-L/ml. The mixture is sub- 
jected to gel filtration on a column of Sephadex 
Q-10 to remove unreacted Ethidium Bromide. The 
labeled DNA-L is recovered in 0.01 M Tris.HCl 
containing 0.0001 M Na^EDTA (pH 8.0), as at the 
end of Example 6. 

The Ethidium Bromide intercalates between 
the strands of the DNA double helix. It is 
excitable at 518 nm and emits at 610 nm. 

EXAMPLE 7B - Labeling DNA By 
Fluorescent Antibody Technique 

A "nick translation" technique similar to 
that of Example 7 may be used with biotinylated 
deoxyuridine triphosphate (dUTP). A procedure 
is described in Gardner, Non-radioactive DNA 
Labeling: Detection of Specific DNA and RNA 
Sequences on Nitrocellulose and in situ Hybrid- 
izations , Biotechniques 1:38-41 (1983). 
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The blotinylated dUTP is substituted for 
the ^P labeled deoxynucleosld trlphosphat of 
Example 7, paragraph 1. Thus, 100 n moles of 
blotinylated deoxynucleoside triphosphate (dUTP) 
Is made up in 2 microliters of 0.01 M Tris (pH 
7.4). Separate solutions of non-biotinylated 
deoxynucleoside triphosphates (dATP, dCTP, dAMP, 
TTP) are made up In the same buffer concentra- 
tions such that 2 microliters will contain 50 n 
moles of each of the non-biotinylated deoxynu- 
cleoside triphosphates. A mixture Is then pre- 
pared containing 2 microliters of the blotiny- 
lated dUTP and 2 microliters of each of the 
non-biotinylated deoxynucleoside triphosphates. 
This is followed by 10 microliters of lOx re- 
action buffer and 2 micrograms of the DNA of 
Example 6 in 2 microliters. After mixing, dis- 
tilled water is added to bring the total volume 
to 97 microliters. This is referred to as "La- 
beling Mixture." 

The procedure described in paragraphs 2 and 
3 of Example 7 is then followed. 

The biotin is then detected on the blo- 
tinylated DNA with an antibody, specifically an 
IgG fraction of goat anti-biotin and a fluores- 
cein isothiocyanate (PITC) -conjugated rabbit 
anti-goat antibody (Enzo Biochem Inc.). The 
goat anti-biotin binds to the biotin in the DNA, 
which is then followed by binding of the PITC 
rabbit anti-goat antibody to the goat-anti-bio- 
tin. The DNA is approximately equal In molecu- 
lar weight to that of immunoglobuline. There- 
fore, 1 microgram of blotinylated DNA is reacted 
with 1 microgram of the IgQ fraction of goat 
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anti-biotin, followed by reaction with 1 micro- 
gram of PITC onjugated rabbit anti-goat anti- 
body. The ntire complex of DNA and antibodies 
is used in the test in the same manner as 
radio-labeled DNA. 

IV. Preparation of Enzyme-Conjugated 
Matrix and Purification Matrix for Tests 
There may be a number of enzymes in other tis- 
sues from other species capable of being selectively 
inhibited by DNA-L. Although the inventor has thus 
far found only one that is effective in these tests, 
it is believed that. trial and error procedures would 
develop others useful in these tests on the basis of 
the techniques described herein, and they are con- 
sidered within the scope of this invention. The 
enzyme used here is R-l DNA polymerase, extracted 
from murine myeloma tumor by the procedure described 
in Analytic Biochemistry 87:411 (1978), supra. The 
inventor has tested R-l DNA Polymerase with samples 
of other DNAs that may be present in blood and other 
body fluids, and found that none of those DNAs 
appeared to specifically inhibit (selectively bind 
with) the R-l DNA polymerase. 

EXAMPLE 8 - Preparation of 
Enzyme-Conjugated Matrix for Tests 
The procedure of Example 3 or 4 is carried 
out, using the same CNBr-activated-Sepharose or 
Poly-Beads. The pretreatment procedure of Ex- 
ample 5 is carried out. The enzyme content is 
assayed by the procedure described in Gottlieb 
et al., Cancer Research MO: 758-770 (1980), su- 
pra , and recorded. 
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The resulting product is an R-l DNA polym- 
erase Enzyme-Conjugated Matrix suitable f r use 
in the tests described her in. It remains sta- 
ble at 4°C for at least 3 months. It may be re- 
generated for repeated use by washing with 1 M 
KC1 followed by assay buffer. 

Serum samples can contain small amounts of 
"extraneous DNAs," i.e., DNAs that are unrelated to 
DNA-L. Such extraneous DNAs could interfere with the 
accuracy of the test by binding to some of the R-l 
DNA polymerase on the Enzyme-Conjugated Matrix. 
However, such extraneous DNAs will not be specific to 
R-l DNA polymerase. Therefore, they can be "cleaned 
up" by use of an extraneous enzyme on an appropriate 
matrix. The enzyme Reverse Transcriptase, which is 
derived from Rauscher Leukemia Virus, is not inhib- 
ited by DNA-1, DNA- 2, or DNA-L, but it is inhibited 
by a wide variety of the other, extraneous DNAs. A 
method of preparing the enzyme is described in Ross, 
Scolnik, Todaro, and Aaronson, Nature New Biology 
231: 163-70 (197D. This enzyme can be used to 
prepare a Purification Matrix for the test sample, as 
described below. 

EXAMPLE 8A - Preparation of 
Purification Matrix for Tests 
Approximately 0.1 gram of Polybead Micro- 
spheres is washed in Potassium PO^ buffer (pH 
7.2-7.6). Approximately 25 microliters of a 
concentrated suspension of beads is added to 75 
microliters of the same Potassium PO^ buffer to- 
gether with 10 microliters of a 1 gram/ml solu- 
tion of l-ethyl-3-3-dimethylaminopropylcarbodi- 



0097341 



- 33 - 

imide in H 2 0 (ECDI). The mixture Is incubated 
at ro m t mperature (24°C) for 30 minut s. The 
b ads ar th n washed with the same Potassium 
PO^ buffer and resuspended in aliquots of 75 
microliters of this buffer containing k% glyc- 
erol. The beads are set aside and stored in 
this state. 

Approximately 75 microliters of the fore- 
going stored bead product is placed in a test 
tube. Purified Reverse Transcriptase (0.5 to 
1.0 microgram/microliter) is added until the 
mixture reaches 100 microliters. The mixture is 
then incubated for 30 minutes at ro<5m tempera- 
ture (24°C). 

10 microliters of 0.2 M glycine (pH 
7.6-8.0) or 10 microliters of a solution of 
bovine serum albumin (20 mg/ml) is then added 
slowly to the mixture and incubation is carried 
out for 30 minutes at room temperature (2^°C), 
with periodic vortexing. The beads are th n 
washed twice with "storage buffer" (0.05 M Tris 
pH 7.8; 0.00*1 M Beta-mercaptoethanol; 0.04 M KC1 
0.2 mg/ml Bovine Serum Albumin; 0.0001 M MnClg 

20% glycerol) and resuspended in 50 microliters 
of storage buffer. It is then set aside until 
used. Prior to use, the beads are worked washed 
in a 0.1? solution of denatured salmon sperm DNA 
in storage buffer, followed by a rinse in stor- 
age buffer. This product is "Purification Ma- 
trix." 

EXAMPLE 8B - Use of Purification 
Matrix to Purify Test Sample 
Approximately 1 cc of test sample of 
Example 1 is mixed with 10 microliters of 
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Purification Matrix of Example 8A. The mixture 
is thoroughly shaken and set aside for 30 
minutes at room temperatur (24°C) . It is then 
centrlfuged for 10 minutes at 1000 g. 

The supernatant is "purified test sample." 
The beads may be recovered and recycled. 

V. Test Procedure 
As already indicated, the invention detects 
presence of cancer DNA (DNA whose production in ap- 
preciable quantity is associated with malignancies) 
by means of "competitive binding." Labeled cancer 
DNA "competes" with (i.e., acts as a DM probe for) 
any cancer DNA occurring in the test subject's blood 
(or other body fluid) for binding sites on the enzyme 
in the Enzyme-Conjugated Matrix. Since the En- 
zyme-Conjugated Matrix has been pretreated with other 
DNA (such as salmon sperm DNA), those binding sites 
on the Enzyme-Conjugated Matrix that have a general 
affinity for DNA (rather than a selective affinity 
for the cancer DNA of Interest, such as DNA-L) are 
already tied up and thus do not interfere with the 
test procedure. Also, the possibility of extraneous 
DNAs being present, that could interfere with the 
test because they will bind with any of a number of 
enzyme sites, possibly including R-l DNA polymerase, 
is obviated by pretreating the test sample with a 
Purification Matrix. The proportion of labeled 
cancer DNA taken up and bound to the Enzyme-Conjugat- 
ed Matrix is related to the presence or absence of 
competing cancer DNA in the test subject's blood (or 
fluid). If no competitive cancer DNA is present, a 
maximum amount of labeled cancer DNA is bound to the 
Enzyme-Conjugated Matrix. But if competitive DNA is 
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present, a lesser amount of labeled DNA Is bound to 
the Enzyme-Conjugated Matrix. The proportion of 
labeled DNA (DNA pr b ) b und to the Enzyme-Conjugat- 
ed Matrix under these conditions is thus an indicator 
of the presence of cancer DNA in the test subject's 
blood or fluid. 

The test procedure involves the steps of prepar- 
ing a test sample from the test subjects blood or 
fluid (Example 1); purifying it with Purification 
Matrix (Examples 8A and 8B); mixing labeled DNA (Ex- 
ample 7), preferably cloned (Example 6) rather than 
natural, with the purified test sample; "introducing" 
the test sample containing labeled DNA ("DNA/sample 
mixture") to an Enzyme-Conjugated Matrix (Example 8); 
and, finally, determining how much labeled DNA has 
become bound to the Enzyme-Conjugated Matrix. 

To "introduce" the DNA/sample mixture to the En- 
zyme-Conjugated Matrix, a known quantity of the 
DNA/sample mixture is mixed with buffer and a known 
quantity of pretreated Enzyme-Conjugated Matrix of 
Example 8. The latter contains a known quantity of 
enzyme. The resulting mixture is then incubated for 
15 minutes at 25°C. The matrix is then separated 
from the fluid residue of the DNA/sample mixture and 
buffer, by centrifugation. To obtain best results, 
the relative concentrations of labeled DNA and En- 
zyme-Conjugated Matrix should have a relationship 
such that, at anticipated concentrations of the 
cancer DNAs of interest (which, in the case of 
leukemia, is DNA-L) in the test sample, there is a 
considerable difference ( e.g. 10% versus 90J) between 
the results of a test on a normal blood sample and 
one on a "malignant" blood sample. This result may 
be advantageously accomplished when: (1) the amount 
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of DNA-L added to the test sample slightly xceeds 
the amount of enzym in the Enzyme-Conjugated Matrix 
(In terms of mol cules), so that the added DNA-L can 
bind with all of the sites on the enzyme and still 
leave a slight excess of DNA-L; and (2) the amount of 
natural DNA-L present In the test sample, If the 
patient has a malignancy, is at least several times 
the amount of enzyme (in terms of molecules). 

The inventor believes that 1 molecule of DNA 
binds to 1 molecule of enzyme; that the molecular 
weight of the DNA-L is approximately equal to 0.65 of 
the molecular weight of the R-l DNA polymerase 
enzyme, so that 0.65 nanogram of pure DNA-L and 1.0 
nanogram of pure enzyme each represent the same 
number of molecules (i.e., of DNA-L or enzyme, 
respectively); and that 0.65 nanogram of DNA-L binds 
with 1.0 nanogram of R-l DNA polymerase, and so on. 
Further, it is believed that the H.W. of the enzyme 
is approximately 200,000, and that the H.W. of the 
"DNA-L is approximately 130,000. The examples that 
follow are described in terms of purified DNA-L and 
preparations of R-l DNA polymerase enzyme purified 
substantially to homogeneity. 

There are at least two ways to test for take-up 
of labeled DNA. One is to test the residual fluid 
that remains after the removal of the Enzyme-Conju- 
gated Matrix. If x_ percent of labeled DNA (DNA 
probe) remains in the residual fluid, 100-x percent 
was bound to the Enzyme-Conjugated Matrix. The other, 
way is to test the Enzyme-Conjugated Matrix, by 
extracting from it substantially all of the bound, 
labeled DNA and measuring the latter. Ideally, the 
two methods are complementary, and the sum of the two 
amounts of labeled DNA (in the residual fluid and in 
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the Enzyme-Conjugated Matrix) should be equal to th 
amount of labeled DNA added to the test serum. 

Unfortunately, this does not occur, due to ex- 
perimental errors. The first method, the residual 
fluid assay method, is believed to be the most accu- 
rate. The second method, the matrix assay meth d, 
involves losses in washing, inadequate extraction, 
etc., that are believed to amount to about 25*. This 
estimate is based on the inventor's tests using a 
test serum with 100* labeled DNA-L, the DNA-L being 
present in excess of the available sites, so that 
about 50% would be in each moiety; performing both 
assay methods; and attributing all loss to the matrix 
assay method. 

The preferred embodiment, at least for DNA-L and 
the leukemia test, is therefore the residual fluid 
assay method, rather than the matrix assay method, 
although the latter is a check on the former. It may 
also be noted that the procedures of the matrix assay 
method are more laborious and time-consuming than 
those of the residual fluid assay method. 

The following examples all refer to DNA-1. In 
all respects known to the inventor, DNA-2 produces 
identical results to DNA-1, and it makes no 
difference known to the inventor which one is used, 
or whether a mixture is used that contains DNA-1 and 
DNA-2. Also, no difference is found between the 
results of tests using cloned DNA-L originally 
obtained, respectively, from humans or mice, although 
human and mouse DNA-L are believed not to be identi- 
cal. However, there may be differences in result 
that arise from the use of various cloned DNAs and 
sera from various patents with different lymphoid 
cancers. 
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EXAMPLE 9 - T st f Normal Mouse 
(Residual Fluid Assay Method) 

1.0 cc of serum is obtained from a labor- 
atory mouse believed to be normal. Test Bample 
is prepared In accordance with Example 1, and 
purified in accordance with Examples 8A-8B. 

To 0.5 cc of the purified test sample, 0.5 
cc is added of an aqueous buffered mixture 
containing the labeled DNA-1 solution of Example 
7. The DNA solution contains 1.0 micrograms/cc 
of the pure, labeled, cloned DNA-1 of Example 6, 
or a total of 500 nanograms. The solutions are 
thoroughly mixed, and the resulting DNA/sample 
mixture is then ready for "introduction" to the 
Enzyme-Conjugated Matrix. 

0.5 ml of a suspension of assayed and pre- 
treated Enzyme-Conjugated Matrix containing 650 
nanograms of R-l DNA polymerase enzyme is added 
to the DNA/sample mixture. After incubation at 
25 °C for 15 minutes, the matrix is recovered by 
cent rifugat ion, and put aside. 

The residual fluid is collected. It is 
tested for labeled DNA-1 by liquid scintillation 
spectrometry. It is found the residual fluid 
contains 78 nanograms of labeled DNA-1. This is 
16 J of the amount originally in the DNA/sample 
mixture . 

The mouse is kept alive for 30 days and is 
then sacrificed, at which time it shows no signs 
of malignancy. 
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EXAMPLE 10 - Test of Normal Mouse 
(Matrix Assay Method) 

The test of Exampl 9 is repeated, but the 
assay is performed on the matrix by liquid scin- 
tillation spectrometry. 

It is found that the matrix has bound to it 
28 nanograms of labeled DNA-1 • This is 56% of 
the amount originally in the DNA/serum mixture. 
EXAMPLE 11 - Test of Mouse With Known Leukemia 

The procedure of paragraphs 1 through 3 of 
Example 9 are repeated with a laboratory mouse 
known to have multiple myeloma. The residual 
fluid assay method is used. 

It is found that the residual fluid con- 
tains 410 nanograms of labeled DNA-1. This is 
82% of the amount originally in the DNA/sample 
mixture. The ratio of this percentage to that 
of Example 9 (normal mouse) is approximately 5.1 
to 1* 

- The mouse is sacrificed. Examination at 
autopsy reveals typical signs of myeloma. 

To demonstrate the sensitivity of the test 
method, for use in early detection of small colonies 
of leukemia cells, a diluted leukemia sample may be 
prepared. A purified test sample from the mouse of 
Example 11 is therefore diluted with a purified test 
sample from the normal mouse of Example 9, in the 
ratio 1:1000. The prior test procedure is varied to 
account for the lesser amount of DNA-L anticipated to 
be present. 
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EXAMPLE 12 - Dilution Test of 
Mouse With Kn wn Leukemia 
Th t st procedur s of Example 9 are fol- 
lowed on the diluted purified test sample. To 
0.5 cc of the diluted purified test sample is 
added 0.5 cc of an aqueous buffered mixture 
containing 1.0 nanograms/cc of the pure, la- 
beled, cloned DNA-1 of example 7, i.e., a total 
of 0.5 nanogram. Similarly, 0.65 nanogram of 
enzyme is used. The use of the residual fluid 
assay method indicates that the residual fluid 
contains 0.4 nanograms of labeled DNA, which is 
80% of the original amount. 

The same test is repeated with the unmixed 
"normal" test serum of Example 9. The use of 
the. residual fluid assay method indicates that 
the residual fluid contains 0.08 nanogram of 
labeled DNA-1, which is l6Z of the original 
amount. The ratio of the two percentages is 5 
to 1. 

EXAMPLE 13 - Test of Normal Human Subject 
1.0 cc of serum is obtained from a human 
subject believed to be normal. Test sample is 
prepared in accordance with Example 1 and puri- 
fied in accordance with Examples 8A-8B. 

To 0.5 cc of the purified test sample, 0.5 
cc is added of an aqueous buffered mixture con- 
taining cloned DEAE-II solution, labelled in 
accordance with Example 7- The DNA solution 
contains 1.0 micrograms/cc of the pure, labeled, 
cloned murine DNA-L of example 6 A, or a total of 
500 nanograms. The solutions are thoroughly 
mixed, and the resulting DNA/sample mixture is 
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then ready for "introduction" to the Enzyme-Con- 
jugated Matrix. 

0.5 ml of a suspension of pr treat d and 
assayed Enzyme-Conjugated Matrix containing ap- 
proximately 650 nanograms of pure R-l DNA polym- 
erase enzyme is added to the DNA/sample mixture. 
After incubation at 25°C for 15 minutes, the ma- 
trix is recovered by centrif ugation, and put 
aside for recycling. 

The residual fluid is collected. It is 
tested for labeled DNA-1 by liquid scintillation 
spectrometry. It is found that the residual 
fluid contains 70 nanograms of labeled DNA. 
This Is I4jt of the amount originally in th 
DNA/sample mixture. 

The subject is examined after six months 
and appears to show no signs of leukemia. 
EXAMPLE 14 - Test of Human With Known Leukemia 

The procedures of paragraphs 1 through 3 of 
Example 13 are repeated with a human patient 
known to have leukemia. The residual fluid as- 
say method is used. 

It is found that the residual fluid con- 
tains 430 nanograms of labeled DNA. This is 86* 
of the amount originally in the DNA/sample 
mixture. The ratio of this percentage to that 
of Example 13 (normal human subject) is approx- 
imately 6.1 to 1. 

Examination at an autopsy of the patient 
reveals typical signs of leukemia. 

To demonstrate the sensitivity of the t st 
method, for use in early detection of small colonies 
of leukemia cells, a diluted leukemia sample may be 
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prepared. A sample of purified test serum from the 
human test subject of Example 14 is therefore dilut d 
with a purified test sample f r m the normal human 
subject of Example 13, in the ratio 1:1000. The 
prior test procedure is varied to account for the 
lesser amount of DNA-L anticipated to be present. 

EXAMPLE 15 - Dilution Test of 
Human Test Subject With Known Leukemia 
The test procedures of Example 13 are fol- 
lowed on the purified diluted test sample. To 
0.5 cc of the purified diluted test sample is 
added 0.5 cc of an aqueous buffered mixture 
containing 1.0 nanogram/cc of the pure, labeled, 
cloned DEAE-II DNA of Example 6A, i.e., a total 
of 0-5 nanogram. Similarly, 0.65 nanogram of 
enzyme is used. The use of the residual fluid 
assay method indicates that the residual fluid 
contains 0.42 nanograms of labeled DNA, which is 
842 of the original amount. 

The same test is repeated with the unmixed 
"normal" test serum of Example 13. The use of 
the residual fluid assay method indicates that 
the residual fluid contains 0.09 nanogram of 
labeled DNA, which is 18% of the original 
amount. The ratio of the two percentages is 4.7 
to 1. 

VI. Kits and Apparatus 
To facilitate large scale screening and testing 
believed necessary to satisfy PDA requirements (i.e., 
demonstration of absence of false positives and nega- 
tives under "double blind" conditions), and to permit 
performance of the test by relatively unskilled 
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laboratory personnel, a modified procedure has been 
d veloped using t st kits and a dedicat d test 
apparatus . 

First, a standardized test procedure involving 
premixed reagents is used, so that the test may read- 
ily be performed. The kit consists of previously 
prepared labelled DNA material, where the label is a 
fluorescent dye (including fluorescent complexing 
agents); previously prepared Enzyme-Conjugated Ma- 
trix, and previously prepared "purification matrix." 
Second a dedicated fluorescence measurement device is 
used, which is specially adapted and calibrated for 
the leukemia test procedure. This procedure may not 
be as accurate as the radio-assay procedure describ d 
above, but it is much easier and much cheaper. 
(Radioactive labeling may be used instead, but the 
radio assay apparatus is much more expensive than the 
fluorescence assay apparatus described below.) 

A. Preparation and Use of Kits 
EXAMPLE 16 - DNA for Kit 

Pure, cloned DEAE-II DNA is prepared from 
DNA-L obtained from the serum of a patient known 
to have died from leukemia. The method of Ex- 
ample 6A is used. 

The following are mixed in 1.0 cc of a 
0.005 M Tris.HCl buffer (pH 7.4): 0.5 mg of the 
DNA of the preceding paragraph; labeled with a 
fluorescent label in accordance with Example 7A. 
(Radioactive labeling, e.g., with 32 P or 3 H is 
an alternative expedient, as indicated above. 
The procedure of Example 7B may also be used.) 
After mixing, saline solution, U.S. P. (such as 
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Baxter Laboratories), is added to bring total 
volume to 500 cc. 

Into each of approximately 1000 1.0 cc 
vials is pipetted 0.5 cc (500 nanograms of 
labeled DNA) of the mixture of the preceding 
paragraph. The vials ("DNA vials") are sealed 
and placed in a refrigerator for storage at 
approximately 5° C. 

The contents of a DNA vial are poured into 
a 100 ml graduate. Saline solution is added to 
bring volume to 50 ml. Into each of approxi- 
mately 100 1 cc vials is pipetted 0.5 ml (5 
nanograms of DNA) of the diluted DNA solution. 
The vials ("1:100 DNA vials") are sealed and 
placed in a refrigerator for storage at approxi- 
mately 5°C. 

EXAMPLE 17A - Enzyme-Conjugated Matrix for Kits 

Approximately 10 grams of the Polybead Mi- 
croparticles ("beads") of Example 4 is washed in 
Potassium PO^ buffer (pH 7.4). Approximately 
250 ml of a concentrated suspension of beads is 
added to 750 ml of the same PO^ buffer together 
with 100 ml of ECDI (1 gram/ml water) . The mix- 
ture is incubated at room temperature for 1 
hour. The beads are then washed with the same 
buffer and resuspended in buffer containing 4? 
glycerol. 

Approximately 750 ml of the bead product is 
placed in a beaker. Purified R-l DNA polymer- 
ase, as described in Example 3, known by assay 
to contain approximately 8 micrograms/ml of en- 
zyme, is added until the mixture reaches approxi- 
mately 1.0 1. The mixture is incubated for ap- 
proximately 1 hour at 4°C. The beads now con- 
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tain a total of approximately 2 mg of R-l DNA 
polymerase enzyme. 

100 ml of 0.2 M glycine (pH 7.6-8.0) _r 100 
ml of a solution of bovine serum albumin (20 
mg/ml) is then added slowly to the mixture and 
incubation is carried out for 30 minutes at room 
temperature (24°C), with periodic vortexing. 
The beads are then washed twice with "storage 
buffer" (0.05 M Tris pH 7.8; 0.0004 M Beta-m r- 
captoethanol; 0.04 M KC1 0.2 mg/ml Bovine Serum 
Albumin; 0.0001 M MnCl 2 20% glycerol); and are 
resuspended in 50 ml of storage buffer. The 
mixture is assayed for enzyme content in ac- 
cordance with the method described in Cancer 
Research 40:758-70, supra. The enzyme content 
of 0.5 ml of the mixture slightly exceeds 650 
nanograms. Enough of the bead product resulting 
from paragraph 1 of this Example is added to the 
assayed mixture to reduce the enzyme content of 
0.5 ml of the mixture to 650 nanograms. 

To the foregoing mixture, 5 cc of 1 mg/ml 
alkali-denatured salmon sperm DNA (Milllpore 
Corp.) is added, with stirring at 4°C. Th 
mixture is stirred slowly at 4°C for 30 minutes. 
The material is then washed in storage buffer, 
and stored in a suitable volume of storage 
buffer, to bring volume to 1.5 1. 

In each of approximately 3000 1.0 cc vials, 
is placed 0.5 cc of the foregoing (650 ng f 
enzyme). The vials ("matrix vials") are sealed 
and placed in a refrigerator for storage at 
approximately 5°C. 

The contents of a matrix vial are poured 
into a 100 ml graduate. Saline solution is 
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added to bring volume to 50 ml. Into ach of 
approximately 100 1 cc vials is pipetted 0.5 ml 
of the diluted solution. The vials ("1:100 
matrix vials' 1 ) are sealed and placed in a ra- 
frigator for storage at approximately 5°C. 
EXAMPLE 17B - Purification Matrix for Kits 
Approximately 10 grams of the Polybead Mi- 
croparticles ("beads") of Example 3A is washed 
in Potassium P0 4 buffer (pH 7.4). Approximately 
250 ml of a concentrated suspension of beads is 
added to 750 ml of the same PO^ buffer together 
with 100 ml of ECDI (1 gram/ml water). The 
mixture is incubated at room temperature for 1 
hour. The beads are then washed with the same 
buffer and resuspended in buffer containing 4jC 
glycerol. 

Approximately 750 ml of the bead product is 
placed in a beaker. Approximately 25 mg of 
purified Reverse Transcriptase in 250 ml water, 
as described in Example 8A, is added until the 
mixture reaches approximately 1.0 1. The mix- 
ture is incubated for approximately 1 hour at 
4°C. 

100 ml of 0.2 M glycine (pH 7.6-8.0) or 100 
ml of a solution of bovine serum albumin (20 
mg/ml) is then added slowly to the mixture and 
incubation is carried out for 30 minutes at room 
temperature (24°C), with periodic vortexing. 
The beads are then washed twice with "storage 
buffer" (0.05 M Tris pH 7.8; 0.0004 M Beta-mer- 
captoethariol; 0.04 M KC1 0.2 mg/ml Bovine Serum 
Albumin; 0.0001 M MnCl 2 20? glycerol); and are 
resuspended in 50 ml of storage buffer. 
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T the foregoing mixture, 5 cc of 1 mg/ml 
alkali-denatured salmon sperm DNA (Millip r 
Corp.) is added, with stirring at 4°c. The 
mixture is stirred slowly at H°Q for 30 minutes* 
The material is then washed in storage buffer, 
and stored in a suitable volume of storage buf- 
fer, to bring volume to approximately 1,5 1, 

In each of approximately 3000 1.0 cc vials, 
is placed 0.5 cc of the foregoing. The vials 
("matrix vials") are sealed and placed in a 
refrigerator for storage at approximately 5°C. 
EXAMPLE 18 - Use of Kit 

A test sample is prepared in accordance 
with Example 1. Into a 2 cc vial ("test vial") 
is placed 0.5 cc of the test sample. Then, a 
purification matrix vial of Example 17B is 
opened and poured into the same 2 cc test vial. 
The mixture is thoroughly shaken for 15 minutes 
at 25°C (room temperature). The test vial is 
centrifuged (1000 g) to separate the beads and a 
supernatant fluid. (The beads are recovered and 
recycled.) The supernatant is recovered and 
placed into the same or another 2 cc test vial. 
A DNA vial of Example 16 is opened and added to 
the supernatant in the 2 cc test vial. The two 
solutions are thoroughly mixed by vigorous 
shaking. 

A matrix vial of Example 17A is opened and 
poured into the 2 cc test vial. The solutions 
are thoroughly mixed by vigorous shaking. Th 
test vial is set aside for 15 minutes at room 
temperature (25°C). 

The test vial is subjected to centrifuga- 
tion (lOOOg) to separate the beads and a super- 
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natant fluid. (The beads are re vered and set 
aside f r r cycling.) On cc of supernatant is 
placed into a 1 cc vial ("assay vial") f r as- 
say, which is described below. 

B. Apparatus 
The assay is performed on a dedicated apparatus 
that measures the fluorescence of the supernatant 
fluid of Example 18. The apparatus is shown in 
Figure 1, in a perspective, cut away view, from the 
vantage point of slightly above the test vial and a 
few feet away from it laterally. The frame of the 
apparatus is a wooden box_B, only the upper surface 
of floor 2_ and the inner surface of walls 4 and 6 of 
box B being shown in Figure 1. The walls 4 and 6 are 
those farther from the observer; the nearer walls are 
cut away and not shown in Figure 1. A removable lid 
JJ_ covers the box when the test is being performed. 
The inner surfaces of the box and lid are painted a 
dull black*. 

A vertical hole 10 is located in lid 8, the dia- 
meter of hole 10 being slightly larger than that of 
assay vial 12 of Example 18. Assay vial 12 has in it 
test sample supernatant fluid 14^ of Example 18, which 
is a fluid containing DNA-L labelled with a fluores- 
cent dye. A shallow hole or depression 16 is located 
in floor _2_ directly under hole 10, so that the 
bottoms of assay vials 12 placed into hole 10 will 
rest securely at a predetermined place on floor 2. 

A hole 18 is located in wall Jjj approximately 
the same distance from wall £ as are holes 10 and 12 . 
An ultraviolet light source (not shown) shines 
through hole 1J3. The ultraviolet source may advanta- 
geously be a 4 watt ultraviolet lamp, maximum 
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emission at 360 nm (General Electric NF4T4/BL) • It 
may have a filter between the ultraviolet source and 
assay vial 12, to eliminate extraneous frequencies. 

A hole J!0_ is located in wall jS, approximately 
the same distance from wall <4 as are holes 10 and 16. 
A photodetection device 2 OA (not shown in Figure 1) 
is located behind hole 20. The photodetection device 
2 OA may be any suitable optical sensing device. For 
example, it may advantageously be a photomultiplier 
tube (e.g., a Hamamatsu 1P4 Photomultiplier Tube). 
It may have a filter (not shown) between device 2 OA 
and assay vial 12. 

To use the apparatus, an assay vial 12 of Ex- 
ample 18 is placed through hole 10 » resting in hole 
16. The ultraviolet source is activated (power 
source and Bwitch not shown) and ultraviolet light 
beam U passes through fluid 14 of assay vial 12. The 
ultraviolet light causes the dye to fluoresce and ra- 
diate visible light in all directions. One such di- 
rection is that of fluorescent light path F, which is 
at right angles to ultraviolet beam _U_ and substanti- 
ally free of radiation from the ultraviolet source. 
The intensity of fluorescent light is measured by 
photodetection device 20A, and the output of device 
20A is substantially unaffected by ultraviolet beam 
U. 

The output of device 20A is processed and dis- 
played by the devices shown in Figure 2. The cir- 
cuitry amplifies and calibrates the output so that it 
may advantageously be displayed on a commercially 
available three-digit digital voltmeter ("DVM") dis- 
play, which reads from 000 to 999. Thus, if the 
output of device 20A is designated jc, the output of 
the circuitry may be designated as y-ax+b, where £ is 
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the reading on the DVM display, and a and b are cons- 
tants selected to make y = approximately 200 when 
about 20% of the DNA-L labeled with fluorescent dye 
is present in the residual fluid of Example 13, and 
to make y ■ approximately 700 when about 70% of the 
DNA-L labeled with fluorescent dye Is present in the 
residual fluid of Examples 14 and 15. (These 
readings respectively correspond to "no malignancy" 
and "apparent malignancy.") 

As shown in Figure 2, the output of photodetec- 
tion device 20A is fed to a preamplifier 22. The 
preamplifier may advantageously be any of a large 
number of commercially available operational ampli- 
fier chips, preferably a dual op-amp chip such as iCL 
7611 or ICL 7621. Adjustment of R a , potentiometer 
24, controls amplification and thus constant a of the 
equation y=ax+b, (The output of preamplifier 22 is 
R a /R times the input.) The output of preamplifier 22 
is fed to adder 26. The output from R b , potentio- 
meter 28, is also fed to adder 26, which sums the two 
Inputs. Adjustment of R fe controls the constant b of 
the equation y«ax+b. The adder may be an operational 
amplifier or differential amplifier chip, preferably 
the second op-amp on a dual chip such as ICL 7621 
(e.g., Radio Shack No. RS 276-2331). 

The output of adder _26_ represents the factor _y_ 
of the equation y~ax+b. It is fed to a DVM device 
30, consisting of an analog-to-dlgital converter, 
amplifier, and a digital display. Such a device can 
be made up from semiconductor devices such as Tele- 
dyne Semiconductor chip 7107 and three LED or LCD 
display chips (such as Radio Shack No. RS 272-053 or 
Radio Shack No. RS 276-075). Or a commercial DVM 
internally containing amplifier, analog-to-digital 
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converter, display, battery, etc. may advantag ously 
be used. A typical such devi is Fluke DVM Model 
No. 8022B; another is Radio Shack No. RS 22-191. 

The foregoing system will automatically give a 
numerical reading indicating the approximate per- 
centage of labelled DNA-L in the residual fluid, when 
the system is used in conjunction with the kitB of 
Examples 16-18. The system is referred to herein- 
after as the "DNA-L Apparatus." 

It is necessary to calibrate the DNA-L Apparatus 
from time to time, among other things because differ- 
ent preparations of batches of reactants have differ- 
ent enzymatic or dye activity. 

Example 19 - Calibration of DNA-L Apparatus 
A 1.0 cc DNA vial (500 ng of DNA in 0.5 cc) 
of Example 16 is labelled "Vial A" and is 
• opened. One-fifth of the contents (100 ng of 
DNA in 0.1 cc) of Vial A is pipetted into an- 
other 1.0 cc vial, which is labelled "Vial B. w 
Saline solution is added to each vial to bring 
the volume up to 1.0 cc. From Vial A, 0.125 cc 
is pipetted off and discarded. Saline solution 
is added to Vial A to bring the volume up to 1.0 
cc. Vial A now contains 35 0 ng of DNA in 1.0 
cc; vial B now contains 100 ng of DNA in 1.0 cc. 

Vial A is placed through holes 10 and 16 of 
the DNA-L Apparatus. The potentiometers R & and 
R b are set to their approximate midpoints. 
Power is applied to the apparatus, including the 
ultraviolet source. 

If the display reads more or lees than 700, 
R a is adjusted until the reading is approxi- 
mately halfway between the prior reading and 



0097341 



- 52 - 

700. Pow r Is removed; Vial A is removed; and 
Vial B is Inserted in its place. 

Power is applied to the apparatus. If the 
display reads m re or less than 200, R b is ad- 
justed until the reading is approximately half- 
way between the prior reading and 200. Power is 
removed; Vial B Is removed; and Vial A Is in- 
serted in its place. 

The procedures of the foregoing two para- 
graphs are repeated until the respective read- 
ings are 700 and 200. 

Example 20 - Use of DNA-L Apparatus 

The 1.0 cc assay vial of Example 18 is 
placed Into the calibrated DNA-L Apparatus. 
Power Is applied and the DVM reading is 
recorded. 

The meter reads approximately 200 for a 
normal test subject; 700 or more for a person 
with active leukemia. Readings between 200 and 
700 are Inconclusive and indicate the necessity 
of a second test, because of test error or pre- 
sence of early leukemia. 

If a second test leads to a reading between 
200 and 700, the procedures of Example 21 are 
indicated. 

Example 21 - Use of DNA-L 
Apparatus With Early Leukemia Test . 
The procedure of Example 18 Is followed 
with a test sample from a patient suspected of 
early leukemia, e.g., because of a 200-700 
reading In the procedure of the last paragraph 
of Example 20. However, the 1:100 DMA and 
matrix vials of Examples 16 and 17A are used, 
rather than the ordinary DNA and matrix vials. 
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The DNA-L Apparatus is recalibrated in 
a ordan with Example 19, using A' and B' 
Vials in which a 1;100 DNA vial or Example 16 is 
used instead of a DNA vial of Example 16. (Oth- 
erwise, A' corresponds to A and B« to B. Vial 
A' will contain 3.5 nanograms of DNA in 1.0 cc; 
Vial B 1 will contain 1 nanogram of DNA in 1.0 
cc.) 

After calibration, the procedure of Example 
20 is followed. A reading of approximately 200 
indicates absence of DNA-L in the patient's test 
sample. A reading of 500 or more indicates 
presence of DNA-L in the patient's test sampl 
and suggests the possibility of leukemia, 
thereby indicating a need for more elaborate 
testing to confirm the suggested diagnosis. 

GENERAL CONCLOSORY REMARKS 
The foregoing procedures provide an entirely new 
diagnostic method, hitherto unknown to medical sci- 
ence. It is believed significant that these proce- 
dures use pure, laboratory-produced reactants (such 
as cloned DNA) rather than (except for the enzyme) 
substances that must be obtained from donors and then 
be purified. The procedures described above utilize 
DNA-L (the DNAs referred to as DNA-1 and DNA-2), but 
the inventor believes that other DNAs associated with 
other malignancies (i.e., other than that of the 
lymphoid system) will be isolated and be found useful 
in tests that are slight variations of the tests de- 
scribed above, and accomplish the same type of result 
in the same way. 

Moreover, other matrices may be utilized to pre- 
pare a suitable Enzyme-Conjugated Matrix. Other res- 
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ins may be used and so too may polystyrene and latex " 
beads, to which the enzyme may be chemically bonded. 
Examples f the latter ar hydrophilic latex sph res 
("Covaspher s MX" or "FX," Covalent Technology Corp., 
Ann Arbor, Michigan) . The invention may be practiced 
with any substantially insoluble material to which 
the enzyme can be bound, since any such material can 
be utilized to prepare an Enzyme-Conjugated Matrix, 
other enzymes having a selective affinity with (i.e. 
capable of selectively binding with) the pertinent 
DNA may be utilized. Hence, the term " Enzyme-Con J un- 
gated Matrix" used herein i B intended to include any 
such matrix substance to which any enzyme can be 
attached that will selectively bind with (or be se- 
lectively inhibited by or "have a selective affinity 
for") the DNAs described herein. 

While the invention has been described primarily 
in connection with a specific and preferred embodi- 
ment thereof, it will be understood that it is 
capable of further modifications without departing 
from the spirit and scope thereof. Some such 
modifications are described above. This application 
is intended to cover all variations, uses, or adapta- 
tions of the invention, following, in general, the 
principles of the invention and including such 
departures from the present disclosure as come within 
known or customary practice within the art to which 
the invention pertains, or as are obvious to persons 
skilled in the art. 
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What Is claimed and desired t be secured by 
Unit d States L tters Pat nt is: 

1. A test procedure for determining the 
presence of malignancy in the bodies of human or 
animal test subjects, comprising the following steps: 

(1) a test sample is prepared from a body 
fluid sample collected from the test subject; 

(2) said test sample is mixed with a 
preparation containing at least one DNA 

whose presence in body fluid is 
associated with the presence of the 
malignancy for the detection of which 
the test is being performed, and 

which is labeled; 

(3) said mixture is introduced to an En- 
zyme-Conjugated Matrix, said matrix having bound 
thereto an enzyme with which said DNA has a se- 
lective affinity; and 

(iJ) an assay is performed to determine the 
proportion of said labeled DNA bound to said En- 
zyme-Conjugated Matrix or not bound thereto. 

2. The method of claim 1 wherein the labeled 
DNA is DNA-L and the malignancy is a leukemia. 

3. The method of claim 1 wherein the enzyme 
R-l DNA polymerase is bound to the Enzyme-Conjugated 
Matrix. 

4. The method of claim 1 wherein the Enzyme- 
Conjugated Matrix is pretreated, before step (3), 
with at least one DNA other than a DNA whose presence 
In body fluid is associated with the malignancy for 
detection of which the test Is being performed. 

5. The method of claim 1 wherein said DNA is 
labeled with a fluorescent dye. 
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6. The method f claim 1 wherein said DNA is 
labeled with a memb r of the group consisting of 
phosphorous 32 and tritium. 

7. The method of claim 1 wherein there is an 
additional step, between the first and second steps, 
said additional step being one in which the test sam- 
ple is purified of extraneous DNA by use of a puri- 
fication matrix. 

8. A test procedure for determining the 
presence of leukemia in human patients, comprising 
the following steps: 

(1) a test sample is prepared from blood 
collected from the patient; 

(2) said test sample is mixed with a 
preparation containing labeled DNA-L; 

(3) said mixture is introduced to an En- 
zyme-Conjugated Matrix to which R-l DNA polymer- 
ase is bound; 

(4) an assay is performed to determine the 
proportion of labeled DNA-L bound to %he En- 
zyme-Conjugated Matrix or not bound thereto. 

9- The method of claim 8 wherein, before step 
(3), the Enzyme-Conjugated Matrix is pretreated with 
a DNA other "than DNA-L • 

10. A method of preparing an Enzyme-Conjugated 
Matrix suitable for use in testing for presence of 
malignancies, comprising the following steps: 

selecting a first DNA whose presence in 

body fluid is associated with the presence of 

the malignancy for detection of which the test 

is to be made; 

selecting an enzyme with which said first 

DNA has a selective affinity; 
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sel cting a substantially insoluble matrix 
material with which said enzyme may be bound; 

preparing an Enzyme-Conjugated Matrix from 
said mat rial and with which said enzyme is 
bound; 

pretreating said Matrix with at least one 

second DNA other than said first DNA. 

11. The method of claim 10 wherein the malig- 
nancy is a leukemia and the said first DNA is DNA-L. 

12* The method of claim 10 wherein the enzyme 
is R-l DNA polymerase. 

13 • A method of preparing an Enzyme-Conjugated 
Matrix suitable for use in testing for presence of 
leukemia, comprising the following etepB: 

(1) selecting a substantially .insoluble 
matrix material with which R-l DNA polymerase 
enzyme may be bound; 

(2) thoroughly mixing said matrix material 
and a solution of said enzyme; 

(3) draining said matrix material and 
washing it; and 

(4) treating said matrix with DNA other 
than DNA-L. 

14. An Enzyme-Conjugated Matrix suitable for 
use in testing for presence of malignancies, compris-. 
ing a matrix to which is bound an enzyme having a se- 
lective affinity with a DNA whose presence in body 
fluid is associated with said malignancy. 

15. The Enzyme-Conjugated Matrix of claim 14 
wherein the malignancy is a leukemia and the DNA is 
DNA-L. 

16. The Enzyme-Conjugated Matrix of claim 15 
wherein the enzyme is R-l DNA polymerase. 
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17* Substantially pure DNA-L, substantially 
free of other DNAs. 

18. The DNA-L of claim 17 wherein said DNA-L Is 
DNA-1. 

19. The DNA-L of claim 17 wherein said DNA-L is 
DNA-2. 

20. The DNA-L of claim 17, wherein said DNA-L 
Is labeled DNA-L. 

21. The DNA-L of claim 20 wherein said labeled 
DNA-L is labeled with a member of the group 
consisting of phosphorous 32 and tritium. 

22. A substantially pure, labeled mixture of 
DNA-1 and DNA-2, substantially free of other DNAs. 

23. An article of manufacture comprising: 

a first container containing a premeasured 
quantity of labeled DNA-L, said DNA-L being 
substantially pure and substantially free of 
other DNAs; and 

a second container containing Enzyme-Con- 
jugated Matrix, said Enzyme-Conjugated Matrix 
having bound thereto a premeasured quantity of 
R-l DNA polymerase. 

24. The article of claim 23 wherein the DNA-L • 
Is labeled with a fluorescent dye. 

25« The article of claim 23 wherein the number 
of molecules of DNA-L in the first container Is 
slightly greater than the number of active enzyme 
sites on the enzyme in the second container. 

26. The article of claim 23 wherein there is a 
third container containing purification matrix. 

27. A system for assaying body fluid samples 
for the presence of DNAs associated with leukemias or 
lymphoid malignancies, comprising: 
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a support means adapted to support a con- 
tainer and hold it in a predetermined plac and 
position in relation to said support means; 

supported by said means, a substantially 
transparent container containing a solution of 
DNA-L labelled with a fluorescent dye; 

. adjacent to said support means, an illu- 
minator adapted and positioned to illuminate 
said solution in said container with light; 

adjacent to said support means and sep- 
arated from said illuminator, a photodetector, 
said photodetector being positioned to receive 
light, if any, emanating from the solution of 
labeled DNA-L in the container, and said 
photodetector being adapted to produce, when 
said solution in said container is illuminated 
by said illuminator, an electrical output re- 
sponsive to the intensity of fluorescence of the 
said solution of DNA-L labeled with a fluores- 
cent dye and contained in said container; and 

means for registering said electrical 
output . 
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